Chapter 4

Double Insurance in Dealing with Extremes:
Ecological and Social Factors for Making
Nature-Based Solutions Last

Erik Andersson, Sara Borgstrom, and Timon McPhearson

Abstract Global urbanisation has led to extreme population densities often in areas
prone to problems such as extreme heat, storm surges, coastal and surface flooding,
droughts and fires. Although nature based solutions (NBS) often have specific
targets, one of the overarching objectives with NBS design and implementation is to
protect human livelihoods and well-being, not least by protecting real estate and
built infrastructure. However, NBS need to be integrated and spatially and function-
ally matched with other land uses, which requires that their contribution to society
is recognised. This chapter will present an ecologically grounded, resilience theory
and social-ecological systems perspective on NBS, with a main focus on how func-
tioning ecosystems contribute to the ‘solutions’. We will outline some of the basic
principles and frameworks for studying and including insurance value in work
towards climate change adaptation and resilience, with a special emphasis on the
need to address both internal and external insurance. As we will demonstrate
through real world examples as well as theory, NBS should be treated as dynamic
components nested within larger systems and influenced by social as well as eco-
logical factors. Governance processes seeking to build urban resilience to climate
change in cities and other urban dynamics will need to consider both layers of insur-
ance in order to utilize the powerful role NBS can play in creating sustainable,
healthy, and liveable urban systems.
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4.1 Introduction

Societies have suffered from extreme weather events throughout human history, and
despite tremendous technological advances over the last centuries we are today — in
some ways —even more vulnerable than before. Global urbanisation has led to extreme
population densities often in areas prone to problems such as extreme heat, storm
surges, coastal and surface flooding, droughts and fires (Grimm et al. 2000). We are
also increasingly dependent on infrastructure for our daily lives — transportation of
different kinds, communication networks, and power supply chains to mention just a
few. The reduction of risk, not least in the context of a changing climate and the pros-
pect of more frequent weather extremes (Coumou and Rahmstorf 2012), is a primary
target for nature based solutions (NBS). Although NBS often have specific targets,
one of the overarching objectives with NBS design and implementation is to protect
human livelihoods and well-being, not least by protecting real estate and built infra-
structure, and unless otherwise specified this is what we mean by ‘protection’ in this
chapter. To do this, we argue that NBS need to be integrated and spatially and func-
tionally matched with other land uses, which requires that their contribution to society
is recognised.

This chapter will present an ecologically grounded, resilience theory and social-
ecological systems perspective (Box 4.1) on NBS with a main focus on how func-
tioning ecosystems contribute to NBS, rather than green technology or hybrid
systems with often a more minor biological component. We argue that the implica-
tions of such a perspective are critical for how we think about and design NBS as a
long term strategy to deal with climate change and, especially, its effects in terms of
extreme events. As we will show, NBS need to meet two criteria to provide long-
term protection: First, they must fit functionally and spatially with the vulnerable
areas (e.g. by providing a barrier between the source of a disturbance and potential
sufferers) and be sufficiently sized to match the magnitude of the disturbance.
Second, the NBS themselves need be resilient to the disturbance and long lag times
between events; they must be perceived as valuable, and thus supported, in times
when this capacity is not actively in use. This is especially true in densely populated
and contested urban landscapes, where other land uses constantly challenge the
preservation and protection of functioning ecosystems (Depietri and McPhearson
2017, Chap. 6, this volume).

We will outline some of the basic principles and frameworks for studying and
including insurance value (Box 4.2) in work towards climate change adaptation and
resilience. As we will demonstrate through real world examples as well as theory,
NBS should be treated as dynamic components nested within larger systems and
influenced by social as well as ecological factors. Since cities and urbanizing regions
are both very vulnerable to weather extremes and other climate change effects, and
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4 Double Insurance in Dealing with Extremes...

Box 4.1 Resilience in Social-Ecological Systems

Resilience, as we here use it, has its roots in a seminal paper published by
Holling in 1973 (Holling 1973), where he proposed that ecosystem dynamics
are non-linear and that there are certain properties that make it more likely
that a system retain its functions and character despite disturbances and
changing drivers. A resilient system would thus be one that can absorb shocks,
and reorganise, without undergoing fundamental change. As this chapter
describes, the first writing on resilience within this school of thought had a
strong ecological focus. Later, resilience thinking became a dominant
approach within studies of social-ecological systems, adding to the study of
the ecological properties of different ecosystems and species assemblages the
different connections and interactions between people and the nature they are
part of (Berkes and Folke 1998). Following this line, later iterations of resil-
ience have included more social factors and now also explicitly include trans-
formations within a development process as one of the necessary ingredients
in a resilient system (Folke 2006). In accordance, we argue that NBS and their
resilience are made up of social-ecological components and interactions,
making governance a key challenge for resilience building. Further, transfor-
mation, in the context of this chapter, means that the embedding system
around the NBS may need to shift and change, sometimes profoundly, to
make sure that the NBS and the insurance they offer survive fundamental
changes like an altered climate and new weather regimes.

Box 4.2 Insurance Value

The societal importance of ecosystems and biodiversity in buffering shocks,
climate change induced weather extremes prominently among them, is
increasingly examined through the metaphor of insurance value (Baumgartner
2007; Green et al. 2016). Referring to the insurance value offered by ecosys-
tems suggests that there is a critically important value in the structure and core
ecosystem processes responsible for maintaining ecosystem functions and
properties (e.g. Perrings 1995; Millennium Ecosystem Assessment 2005).
Recognising that multiple definitions exist, we use insurance value to reflect
the avoided socioeconomic and wellbeing costs associated with weather
related disasters, and insurance itself as the maintenance of ecosystem ser-
vices provided by social-ecological systems despite variability, disturbance
and management uncertainty. With this definition, the insurance value of an
ecosystem is closely related to its resilience, self-organizing capacity, and to
what extent it may continue to provide flows of ecosystem service benefits
over a range of variable environmental conditions (Green et al. 2016). While
these aspects are increasingly appreciated in the work on NBS and insurance
against climate change, we argue that the field has yet to recognise the need
for making the NBS themselves survive over time.
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tend not to give full consideration to functioning ecosystems as critical components
of climate change adaptation, we focus on examples from such systems. That said,
this approach should still be applicable to most or all social-ecological systems.
Applying a ‘double insurance’ thinking, external and internal, can be seen as one step
towards governance processes that better take into account the complexity of the
systems we live in and the multifaceted nature of urban pressures and disturbances.

4.2 External Insurance

4.2.1 Ecological Foundations

Ecosystems of different kinds have been shown capable of mitigating weather
extremes and thereby protecting other parts of urban systems and reducing the impact
of disturbances (McPhearson et al. forthcoming). Examples include coastal ecosys-
tems that provide a physical barrier from storm surges (Costanza et al. 2006; Koch
et al. 2009), open land and permeable surfaces that protect from flooding through
percolation (Farrugia et al. 2013) and urban trees and forests that mitigate heat waves
(Jenerette et al. 2011; Depietri et al. 2012). Ecosystems differ from the more inert
physical elements of many ‘conventional” solutions. While, for example, coastal wet-
lands may provide coastal protection from storm surge and flooding, similar to sea
walls, the wetlands do this as an integral part of an internal dynamics of wetland eco-
systems. All ecosystems have their own dynamics, and to understand when, why and
where they help us deal with climate change and its consequences requires knowledge
of the fundamentals of systems ecology. It is important to get down to the details of
understanding the role for species, species interactions, spatial structure, and how
these together generate (or not) the ecological contribution to NBS insurance.
Ecological character also has bearing on the efficiency of the NBS, and will influence
how they compare to alternative solutions (cf. The Royal Society 2014).

Ecosystem function and resilience is an outcome of the organisms present in the
system and their interactions — with each other and the physical environment (e.g.
Chapin et al. 1997). The life history traits of an organism, such as physiology,
behaviour, resource use and competitive strategies, determine both the ecological
functions it contributes to and how it may respond to different disturbances and
pressures (e.g. Mori et al. 2013). These traits comprise characters that affect soil
stabilisation, water retention, radiation reflectance and different shielding effects
(waves, noise, high winds etc.), among other things. In and of themselves, or in dif-
ferent combinations, these characters are the foundation for the first type of insur-
ance value offered by NBS. For example, the shading and evapotranspiration by
urban forest trees, which provide important cooling benefits in increasingly hot
urban areas, depend on ecological processes like nutrient retention and cycling traits
of soil microbes and invertebrates to maintain health and function of urban trees
(Ballinas and Barradas 2016). Similarly, vegetation growing along urban riparian
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areas directly affect the outflow of water via the reduction of surface flow velocity,
the partitioning of precipitation via canopy interception, evaporation and the pro-
motion of infiltration, and via water uptake, storage and transpiration (Brauman
et al. 2007; Nepf 2012; Gurnell 2014). Plants can also provide soil stabilization,
which allows soil organism communities to develop. Riparian soils then are able
provide important ecosystem functions such as nitrogen retention important in areas
with significant upstream nitrogen fluxes (Groffman et al. 2003, 2004) and thus
reduce the risk of soil erosion and eutrophication.

4.2.2 Vulnerability and Exposure

There is still considerable need for fundamental research on the ecological charac-
teristics that could mitigate the effects of extreme events and climate change. Sound
ecological knowledge is the first building block for understanding how to design
NBS to meet different needs. These needs can be understood as the ‘demand’ for
protection, and are very much determined by socioeconomic factors and cannot be
captured by a biophysical assessment alone. An ecologically suitable NBS will only
deliver expected solutions if it is sufficiently sized and adequately located (cf.
Andersson et al. 2015). The answers to both these questions need to be sought in the
larger social-ecological system — as is clearly demonstrated by the literature on
vulnerability and exposure (e.g. Adger et al. 2005; Folke 2006).

According to IPCC “vulnerability describes a set of conditions of people that
derive from the historical and prevailing cultural, social, environmental, political, and
economic contexts” and “the propensity of exposed elements such as human beings,
their livelihoods, and assets to suffer adverse effects when impacted by hazard events”
(IPCC 2012, p. 71 and p. 69, respectively), while exposure refers to an “inventory of
elements in an area in which hazard events may occur” (ibid., p. 69). While the litera-
ture and common usage sometimes conflate the two they do capture different aspects.
To be vulnerable you must be exposed to the risk, but exposure alone is not sufficient.
Awareness of exposure together with appropriately planned and implemented adapta-
tion measures may at least reduce the vulnerability of people and property.

If NBS are to contribute to making communities less vulnerable they must be
sized to match the magnitude of the disturbance and the extent of the exposed area.
For example, bioswales and other types of green infrastructure being employed
around the world in cities to provide NBS for mitigating surface flooding may fail
if overwhelmed by large or extreme precipitation or flood events. Second, they need
to be located in the right place. There are several possible spatial relationships
between the source of the insurance capacity — the NBS — and where people and
property may benefit from it (see e.g. Fisher et al. 2009; Renaud et al. 2016). Most
usually, the insurance is achieved by the NBS providing a ‘buffer’ between the
exposed area and the potential risk, e.g. wetlands upstream or along the coast outside
a city (see Haase 2017, Chap. 7, this volume). This connection between the NBS
and their beneficiaries is mediated by social structures such as built infrastructure
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and institutions defining access to land and designating land uses as well as socio-
economic priorities of management and stewardship.

4.3 Internal Insurance

4.3.1 The Role of Diverse Ecosystems

Of concern in cities facing significant climate challenges is that assumed protection
through NBS may fail when the ecosystems themselves are not adequately resistant
and resilience to climate and other disturbances (McPhearson et al. 2015).
Fundamental for the second level of insurance — the survival of the NBS them-
selves — is how the NBS respond to different pressures. This can be ecologically
captured by the robustness, the capacity to cope and continue to deliver the desired
function during an event, and by the presence of alternative functional pathways
(e.g. different types of vegetation providing shading or soil stabilisation) with dif-
ferential ability to respond to and cope with different pressures over time. Elmqvist
and co-authors (2003) pointed to the importance of response diversity for being able
to deal with changes, which in the context of this chapter can be understood as NBS
being built up by components (organisms or communities) with differences in their
responses to disturbances. By making sure that the NBS that are expected to help us
cope and adapt to climate change are robust and resilient enough to withstand not
only weather extremes and climate change itself, but a spectrum of different distur-
bances, we increase the probability that they will persist over time and thus be there
when the rare, extreme events occur (cf. Mori et al. 2013).

To provide an example, urban forests are being widely used as NBS and gener-
ally considered as important to mitigate several weather related hazards — they keep
the temperature down during heat waves, they can stabilize soils and help in pre-
venting flooding (Roy et al. 2012; Livesley et al. 2016). However, despite this wide
recognition of value, the fact that urban forests themselves may be vulnerable to the
same disturbances is less recognised. Most studies that have looked at the benefits
of such forests are based upon the species, number and size of trees in the urban
landscape and how these shape effect (Nowak et al. 2013; Farrugia et al. 2013;
Livesley et al. 2016). Less attention has been dedicated to the benefits of diversity
and species specific traits in the composition of the forests, and when discussed it is
usually along broad theoretical reasons for why diversity is important (Muller and
Bornstein 2010). While tree population diversity is regarded as desirable few studies
directly reflect or inform on the capacity of different tree species and species assem-
blages to deal with environmental stresses (May et al. 2013). For example, while
temperature regulation — especially mitigating extreme heat — is one of the most
important services trees can contribute, trees are also sensitive to drought, which is
often associated with periods of above average temperatures and heat waves (Déry
and Wood 2005). Drought induces physiological stress that may either kill the tree
or make it vulnerable to pest attacks or disease challenges or fully inhibiting the
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ability of trees to provide the functions needed for NBS to heat (McDowell et al.
2011).

4.3.2 Spatial Dynamics

Beyond life history traits, spatial dynamics have been highlighted as an essential
factor for resilience (Webb and Bodin 2008; Allen et al. 2016). In principle, having
connections between for example the specimens of a specific type of NBS will usu-
ally promote the resilience of the individual NBS as well as the connected network
of NBS. Each node in the network can potentially support the other nodes by replen-
ishing locally extirpated populations and facilitating reorganisation (e.g. Hanski and
Gilpin 1991; Bengtsson et al. 2003). While perhaps more indirect than the immedi-
ate response to disturbance, these processes make it more likely that the NBS sur-
vives and are in place to support system resilience when needed. However,
connectivity can be problematic as some of the disturbances that challenge NBS
may follow the same linkages (Holling et al. 2002; Allen et al. 2014).

For this reason, modularity has been suggested as a fluid middle way where
smaller groups of nodes within a network are internally well connected but rela-
tively isolated from other groups (e.g. Webb and Bodin 2008). Bioswales are a good
example for how modularity can help maintain resilience. Since they are often small
and spatially disaggregated, failure of one set of bioswales may not impact bio-
swales in other locations in the city allowing continued functioning for flood mitiga-
tion in places where bioswales did not fail. Similarly, street trees, which tend to be
spatially separated, may be able to sustainably provide NBS when faced with distur-
bances more reliably in some instances than more spatially aggregated trees in
urban forests. Tree insect pests, which may become increasingly threatening to NBS
(Dale and Frank 2014), can spread more easily among closely growing tree stands.
Here again, the principle of modularity where redundant functions are disaggre-
gated can help to ensure continued green infrastructure performance for mitigating
effects of climate change in cities.

4.3.3 Public Support: Making Sense of NBS

Ecological factors and features are, however, only one side of making NBS them-
selves resilient. NBS are embedded in social-ecological systems and social aspects
are critical, for example political and economic priorities, human perceptions,
norms and values, historical legacies and institutional contexts. Besides promoting
governance that supports the necessary ecological underpinnings of NBS, a double
insurance thinking approach to NBS also requires flexibility and open-ended designs
to handle shifting priorities, and form strategies for long-term public support.

The survival of a NBS over time, especially in systems with a very active pres-
ence of people, depends on how people view them, and how they are managed. If
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the function of a NBS is not appreciated or understood, it risks being replaced by
something else with a more apparent value to people. Climate change may make
weather extremes more frequent, but there is still quiet periods between the times
when NBS are needed and when their function and value are less evident (cf.
Andersson et al. 2015). Also, diversity in preferences must be taken into account; an
NBS might be attractive to some while disagreeable to others. One example is dense
forests, which are of great recreational values to some people while perceived as
unsafe and dangerous by others. Wetlands is another; they can be seen as either
beautiful, rich bird habitats providing flood protection and water cleaning, or as
breeding grounds for parasites caring diseases and environments that create risks for
drowning accidents.

One way of engaging with social acceptance is to make sure that the NBS are
multi-functional and, most importantly, that they have clear functions also during
the periods between extreme events. Multi-functional green structures are today
increasingly discussed and also implemented as a solution to the decreasing extent
of green space in densifying cities (e.g. Gomez-Baggethun et al. 2013). However,
presently this is mostly a matter of designing green structures to meet multiple
demands at the same location at the same time, less about safeguarding multiple
latent functions that can be activated or utilized when needed. The availability of
different functions, and sometimes the magnitude of their effect, is also a question
of the institutional set up, where different user rights and policy recommendations
can shift and intentionally or unintentionally change functionality by emphasizing,
strengthening or suppressing different functions. An example of this is the current
trend of urban gardening, which while in many ways adding functionality to many
urban green spaces might suppress other functions or the access to these.

In addition to direct utility, ecological quality, and long term resilience, must be
better recognised and appreciated if we are to reach a publically supported double
insurance. With increasingly participatory approaches to NBS design and manage-
ment, finding ways to incorporate functions that are not needed at present and that
are for a common good (flood prevention) instead of specific interests (urban gar-
dening) is an urgent and challenging necessity.

4.4 Investing in Insurance: Governance Frameworks

How can we design and plan for NBS that provide protection to present large scale
disturbances and at the same time also can withstand drastic economic and social
fluxes at different scales (e.g. the recent European economic and migration crises)
without losing their long-term functionality and protective capacity? The effective-
ness of each NBS element is dependent on the interactions with the surroundings as
well as remotely connected complex systems. This reinforces the need for gover-
nance approaches to shift focus to anticipating, planning for, and navigating change
instead of planning for a presumed controlled development driven by a few, often
disconnected social and economic parameters (Duit et al. 2010). This calls for
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increasing connections between levels of governance and across professions, where
for example green spaces are not treated as an isolated entity but integrated func-
tional entities in the urban fabric.

4.4.1 Flexibility

An ecologically resilient NBS also needs a resilient governance system which
implies a shift towards more adaptive and participatory approaches (Biggs et al.
2015). The need to explore new ways of NBS planning (spatially and practically),
knowledge development and transfer, and NBS design and maintenance — all with a
long time perspective, is at odds with current often short term, mainstreamed and
efficiency driven NBS governance. A more adaptive mode of NBS governance
means embracing experimental approaches, where evaluation of goals, measures
and outcomes are built into continuous learning (Walters 1986). It also requires a
high degree of flexibility and open-endedness where present requirements for func-
tionality and protection are constantly weighed against the long-term capacity of the
NBS to respond to yet unknown disturbances and changing demands and needs.
This requires political and public acceptance of failures as learning leverages in
NBS planning, design and management. One important aspect is to identify and
articulate how to sustain options for the future, making sure that an NBS with
certain function can also be used to provide other services if needed. For example,
an urban green space that is today mostly used for outdoor recreation, but in times
of heavy rain can act as a reservoir for water and thereby protect surrounding areas
for getting flooded. Another spin to multifunctionality and flexibility is our tendency
to build identity and value on continuity (with its fallacy for command and control
(Holling and Meffe 1996)). Although challenging, a shift to increased temporal
variation in what functions of an NBS are promoted could support resilience in two
ways: it would make change rather than permanence part of people’s everyday life
(and perhaps something that could be of value in itself), and it would encourage
more nimble governance where land designations, procedures, policy and institu-
tional framings are less static. Here more research is needed.

4.4.2 Participation

The need for participation in resilient NBS governance goes far beyond public hear-
ings in the planning phase. Reflecting and similar to the ecological principles, diver-
sity in the social components of social-ecological systems is perhaps the most
important characteristic. An NBS that is planned and designed in a way that makes it
heavily dependent on one actor’s flow of resources, organisation, institutional frame-
work and motivation, is very vulnerable to social and economic changes relating to
that particular actor. This is evident in several cities in Europe where the public
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finances have been severely impacted by economic crisis lately and the character of
many green spaces has changed, either into vacant lots or into management by vol-
unteering local groups. In heavily human influenced ecosystems new management
regimes often lead to an altered functionality (cf. Andersson et al. 2007). This illus-
trates that functionality and mainstreaming of NBS are closely connected to multi-
actor engagement and partnerships that provide a greater diversity of knowledges
and practices, ranging from expert to experience driven, from which the experimen-
tal approach can draw (Tengo et al. 2014). In order to recognise the system context
of the NBS it is necessary to create governance linkages that match these interactions
and dependencies (Andersson et al. 2014). The participatory component of resilient
governance is also a matter of creating economic insurance, where different financial
resources can be activated to sustain functionality over time. Furthermore, it is about
relying on multiple actors for continuous knowledge generation, e.g. citizen science
(Krasny et al. 2014), knowledge transfer over time (Andersson and Barthel 2016)
and practical management. This will in turn be of importance for the social support
of the NBS existence and awareness of its changing functional design over time.

4.5 Conclusions

Ecosystems and green and blue infrastructure can provide long-term insurance to
climate change, making them an integral part of strategies to meet this multi-faceted
challenge (Table 4.1). However, the extent to which they will be able to do this will
depend both on their quality and the context they are set in. First, the ability of NBS
to provide insurance against impacts of extreme events requires understanding of

Table 4.1 The two levels of insurance. Definitions, key factors underlying the insurance capacity
and key aspects of governance that could promote and support them

Definition Key factors Governance
Ist level of Capacity to Ecosystem configuration, Spatial planning, value
insurance, protect the larger | spatial location, the nature | recognition, cross boundary
external system based on | of exposure considerations and linkages

regulating

ecosystem

functions and
location relative
to vulnerable
areas

2nd level of | Robustness Response diversity, Participative processes,

insurance, during an event multifunctionality, recognition of multiple

internal and resilience participation and values, legal frameworks and
over time, the involvement, broad recommendations that can
survival of the recognition of value facilitate flexible use over

NBS itself time
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spatial context of ecosystems. If an NBS is not properly positioned, it will do little
to mitigate extreme events. Coastal cities need coastal wetlands physically located
between them and a storm surge if wetlands are to provide resilience to coastal
storms. This first insurance value stems from NBS being entities with physical attri-
butes, but, of course, they are more than that. They are alive, and often constitute
complex systems in themselves. Functioning ecosystems interact with the larger
social-ecological systems they are embedded in and have their own vulnerabilities
and resilience. The second layer of insurance, the survival of the NBS over time, has
both ecological and social roots. Ecologically, this can be described and assessed
through the functional traits present in an NBS and through its functional linkages
to its surroundings, e.g. as part of a blue or green network. Following from these,
key principles for building resilience are to promote diversity among response traits
and to find an appropriate level of modularity.

On the social side, we have highlighted flexibility in the governance of NBS and
recognition and support from the public. NBS governance includes promoting diver-
sity and redundancy, and having more open-ended and adaptive decision-making
processes for governing ecosystems for multi-functionality in the face of multiple
changes and pressures. Additionally, public support for specific and often mostly
dormant NBS (the need for insurance is not constant but linked to occasional events
(Andersson et al. 2015)) can be strengthened by managing and planing them to be
multifunctional over time, and by making sure that some functions achieve social
purposes even in the periods between extreme events. Governance processes seeking
to build urban resilience to climate change and other urban dynamics will need to
consider both layers of insurance in order to utilize the powerful role NBS can play
in creating sustainable, healthy, and liveable urban systems. Though NBS are com-
plex, which this chapter's discussion on a number of less considered aspects of
social-ecological complexity of NBS has demonstrated, working with NBS remains
an unrealized and high potential opportunity for resilience building that fits well
within the power and capacity of planning offices or stewardship bodies to achieve.
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